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1. For the MOS differential pair with a common-mode voltage V., applied, as shown below, let
Vpp=Ves=1V, k,/=0.4mA/V?, (W/L)1,=12.5, V=0.5V, I=0.2mA, and Rp=10kQ (neglect channel-length
modulation). Assume that the current source I requires a minimum voltage of 0.4V to operate

properly. (worth 2 problems)

(a) Find V¢ for each transistor.

(b) For Vew=0 find Vs, Ipy, Ip,, Vo1, and Vp,.

(c) Repeat (b) for Vy=0.3V.

(d) Repeat (b) for Vey=-0.1V.

(e) What is the highest permitted value of V), for which
Q1 and Q2 remain in saturation?

(f) If the current source requires a minimum of 0.2V across

it to operate correctly, what is the lowest value allowed for
Vs and hence for Vey?

= o 2 ik
notethat f,, = [, = = =
= (.1 mA
1,1 W
b = 36T ]vay
TO S S T
“ k(WL 04 mAFVI2S)

=02V
Y, = ¥V, +V, . =05+02=07V
V., =0,

= = (d) Vigw = —0.1V,
Vg = Voo = Vo=V = —01 YV -0.7
fm = -rnz Bl U:_E_T,E = 01 Mk 5 52 o %
2 = —08YV

VDJ = Vuz == IF;U.U .IIDLRD Slil], 'rﬂ| - ll-ﬂz = n.! m.'l"'i

= 1V - (0l mA}YIOK)=0V b W N
"Cj Nﬂ“", H:. ”fr:‘f = ﬂ'l v L {c] V{_-M{T!'lilx} — 1"’110 s IDRD e VW - V'GS
Vo= Vs Vel = DINCDIN = 1— (0.1 mA)IOK) — 0.2+ 0.7 = + 0.5V

= _ﬂ.ﬁv U'-} Vsl:m1n:| — VSS{ VESII:rIliF:I}
Since [ is a constant current source, e —1402=—08V
Ipy and I, remain at 0.1 mA ) o ;
sttt Veng(min) = Ve(min) + Vge = — 0BV +0TV
Vo and WV, are still 0V = 01V
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2. For the differential amplifier of Problem 1, let V;,=0 and V;,= Vi4. Find the value of Vj;that

corresponds to each of the following situations:

(@) ip1=ip,=0.1mA; (b) ip;=0.15mA and ip,=0.05mA; (c) ip;=.2mA and i,=0(Q2 just cuts off); (d) ip;=0.05mA
and jp,=0.15mA; (e) ip;=0 (Q1 just cuts off) and ip,=0.2mA. For each case, find v, vp;, Vp,, and (vpy-vp;).

= 2ip _ _ [__2(01 mA)
-Jk"{WfL} J04mA FVH12.5)

Ve SV =0 0N =l T Y
Vor = Vps = Vpp— iRy = 1.0 ¥ = 0.1 mA
(10 k) =0V

Mo Vo = [
{:b) FCII‘ i;r_” = ﬂ.lS '“'.I.l'!'i1 I-H,z = ﬂ.nj TI'IA.,

e TR i Uy _ (2ip ) r
= b e | AL ; :
o= TS iy [ ; 1] Vay

vy = [zfgfm“:’* = 1]{112 V) =01V

= J 2015 mA) | g5y — 0745 V
0

4 mA /V(12.5)
Ve=Vg— Vg =01V —-0745V =—0645 ¥
Vpr = Vpp — ipiRp = 1.0 ¥ — 0,15 mA(10 k€2)
= -05V
Vp: = LONV — (005 mANIO kD)= + 05V
Vp: —Vp =10V
eyl A :
Mot = Wy = 42 Vou'= LATADZ V]~ 0283 ¥
[ 2(0.2 mA)

VI:S = |

0.4 mA /V3(12.5)
Vi = Vo— Vs = 0283V — 0.783V = —0.5V
Vp = 10V — (02 mA)10kQ) = —1.0 V
Vps = + 1.0V

Vpz — V¥p) = 20¥

+ 0.5V = 0.783

=02V

0.05 mA
0.05 mA

For example,

e [2((}.05 mA)
= 0.2 mA

@ ‘:Dl

Ipz

}oppusile case of (b)

1l

11(1}.2 V)= —01V

v = | 2(005 mA)
a5 = J 5
0.4 mA/V(12.5)
Vi = Vg— Vo= —01V-0641V=-0741 V
Vpr = 1.0V — (0.03 mA)10 ki) = + 05V
Vor = 1OV — (0.05 mANID kD) = — 0.5V
Vo= Vg = —10V

+05V =0641 V

(e) ip; = 0OmA, in, = 0.2 mA is the opposite
of (c):

Ba = =2(Vgy) = - 202 V) = —0283 ¥
Foriy, = 02 mA, V., = 0.783 V., So that

Ve = —0.783 V
Vi = 100V,
Vg = RN B aler= =2 W

The results are summarized in the following table:

Ca | ¥y |ipy | ine | %V | Would Ve | Vi
se (Vi {mA) | (md) ¥ (V) —Vp
1{¥a
o T R T R R B
®) | 01 |015]005| - |-05]|05]| 10
0.645
icrloxmloz| o | 05 |=10]10] 20
3
T I a1 e 1 ) B T
0.741
e | - BaL oy e 1.0 | -1.0 | 2.0
0.28 0.783
3
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3. Consider the differential amplifier specified in Problem 1 with G2 grounded and V5= V4. Let V, be

adjusted to the value that causes ip;=0.11mA and ip,=0.09mA. Find the corresponding values of Vgs,, Vs,
Vss1, and hence V. What is the difference output voltage (Vp,-Vp:)? What is the voltage gain
(Vp2-Vpi1)/Vig? What value of Vj, results in ip;=0.09mA and ip,=0.11mA?

Vi = wiyin;, = 011 mA
FG? =0 I-DE = 0.09 mA

s 98 3
sk (V.= V,
For (2):

Ip =

0.11m = %5 m(V s — 0.5)°
= Ve = 071V
For O,

009 m = - 5 m(V, — 05)

bk | =

Vg = 060V
Ve = Ve = 069V

g = Fs 1 v.{,‘m = — (.69 + 071
=002V

Vi — Wi = 10kIE (g — ige)
= 10 kV (0.11 20.09) m

=02V
thus
¥pp— Vo 03 - 10
Uiy 0.02
when i = 0.09 mA and
ip, = 0.11 mA
is the reverse condition from the: case we just
studied, thus «,, = —0.02 V
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4. Design the circuit shown below to obtain a dc voltage of +2V at each of the drains of Q1 and Q2 when

Vs:=V,=0V. Operate all transistors at V,,=0.2V and assume that for the process technology in which the
circuit is fabricated, V¢,=0.5V and kn’:ZSOuA/VZ. Neglect channel-length modulation. Determine the
values of R, Rp, and the W/L ratios of Q1, Q2, Q3, and Q4. What is the input common-mode range for

your design? Vop = +1.2V M= Vo = A I S
Vps = Voy = — Vg + Vg = —12VHOTV
RD RD = = ﬂ.ﬁ V
R = Voos Yoe o 12N e {05V o 17 k)
0.1 mA (0.1 mA
Q= Fﬂﬂ_vp[ o 12V =02V _ 5 kO
Ly Y b ; 2 mA :
+12V S| o} 0 |——o e ? -
t | e
N1 mal | . gk L/, 2 n ov
L
R {04mA — 02 mA[(0.25 mA/V)(02V)] ' = 20
(‘;—"’] — 0.4 mA[0OL mA]™" = 40
Q, : Q3 . A3
G‘f] = 0.1 mA[0.0L mA]™" = 10
~ 44
y V{.’m[n‘la.{'l = V. + Vpp — (I/2)Kp
—Va=—12V = 0S5V + 12V - (02 mAYS kily = 0TV
l"r‘t,'.nl[rninu i VSS T V(.i'lr"ﬁ + I"‘Hr.-: a5 Vﬁ,'l'rl

= —12V+02V+05V+02V = =03V

5. Design a MOS differential amplifier to operate from £1V power supplies and dissipate no more than
2mW in the equilibrium state. The differential voltage gain Ay is to be 5 V/V and the output common-
mode dc voltage is to be 0.5V. (Note: This is the dc voltage at the drains). Assume k,’=400pA/V? and
neglect the Early effect. Specify the required values of I, Rp, and W/L.

+1 V supplies not more than 2 mW A, = 3 V/V

V=05V K, = nC, = 04 mA/Y ? = SR AR )
2 mw 5
2 —(—=1V) s = 1 mA/ (04 mA/VE - (02 V)) = 625
G L ENCNSY L DAY o BECAUSE WE PICKED 1= 1 mA THIS IS THE
e T e T SOLUTION WITH THE HIGHEST ALLOW-
ABLE POWER. THIS SOLUTION WILL ALSO
o A _ SVNV _ 5 mASY THEREFORE HAVE THE WIDEST RANGE OF
X e 1! DIFFERENTIAL MODE OPERATION. AN
! LA INFINITE NUMBER OF OTHER SOLUTIONS

e =QZV
2. SmAMN EXIST.
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6. An NMOS differential amplifier is operated at a bias current Zof 0.4mA and has a W/L ratio of 32,
kn'=unC0X=200uA/V2, V=10V, and Rp=5kQ. Find Voy=(Vgs-Vt), gm, o, and Ag.
[=04mA WL=32 k, = p,C,,

= 200 pA/V
=10V  Rp=35kl
e R
Voy' = JIVK, [E) = /04702 32)
L

i = 2m (Rpll ro) = 1.6 (5] 50)
= 1.6 (454) = 73V,/V

7. An active-loaded NMOS differential amplifier operates with a bias current I of 100uA. The NMOS
transistors are operated at V,,=0.2V and the PMOS dives at |V, |=0.3V. The Early voltages are 20V for
the NMOS and 12V for the PMOS transistors. Find G, Ro(output R), and Ay4. For what value of load
resistance is the gain reduced by a factor of 2?

o, ] o
| fmﬁ-’m=fn3=1m'—"é:%ﬁ_'5n#&

=g m - = 05 mA/V
oro— L Sul = 8m = §-3 T pAV/2 %
Gp=8m = 05mA/Y
Vs MV
- = AR = S T — 400 kL
! el

R, = roll roe = 400 k|| 240 k = 150 k02
A = G,R, = (05 mA/V)(150k) = 15 V/V

Giain will be reduced by a factor of 2 if
R, = R, = 150 k()
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